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(57) Abstract 

PROBLEM TO BE SOLVED: To solve such a problem 
that in cfiffererrtial steering control, when a 
steering wheel is quickly reciprocated, it is feared 
that an actuator is more driven under the influence 
of a controlled variable, and the reactive force is 
transmitted to the wheel to give a sense of 
incongruity in steering to an operator. 

SOLUTION: When the gain Ts of a differential 
value a which is set in response to the steering 
angular speed dθh/dt, it set based on a map 
shown in Fig, the gain is decreased with increasing 
the steering frequency (0, and the controlled 
variable is suppressed in response to the steering 
angular speed under the condition where switching 
is frequently operated. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



Sa 2 The steering control unit which controls **** operation of ****** to handle operation 
Kerized by provMing the following. A detection means to detect the steenng angle of a steering 
hanX dX fmeans which carry out me **** drive of the ******. The 1st target controlled variable 
seTup S £ detection resuh of the aforementioned detection means according to a steering angle, 
t is an amendment means by which have a setting means to set up the controlled variable to the 
fLme" driving meaL, based on the 2nd target controlled variable set V™^™""* 
angular velocity, and the aforementioned setting means suppresses the aforementioned 2nd target 
controlled variable according to the change state of steering angular velocity. a , Mm1in0 tn 

[Claim 2] The aforementioned amendment means is a steenng control urn for velucles according to 
E 1 which suppresses the aforementioned 2nd target controlled vanable when steenng frequency 

S£S5 ^tl^^n^Z™ is a steering control unit for vehicles according to 
dafm 1 which sets the aforementioned 2nd target controlled variable as zero when steenng frequency 
turns into more than predetermined frequency. 

S m 4] The aforementioned amendment means is a steering control unit for vehicles ; according to 
claim 1 which sets up the controlled variable restricted by this rate of change as die 2nd target controlled 
triable when the 2nd target controlled variable which has specified the rate of change from which the 
Xr^ Jtoned 2nd targel controlled variable may change, and is set up by the aforementioned setting 
means exceeds this rate of change. m 

rClaim 5] The aforementioned amendment means is a steering control unit for vehicles according to 
claim 4 which carries out an adjustable setup of this rate of change so that the 2nd target controlled 
variable set up with the aforementioned setting means is large, and the aforementioned rate of change 

Tclim6U^{^m Q ntiomd amendment means is a steering control unit for vehicles according to 
claim 1 which suppresses the aforementioned 2nd target controlled variable when steenng angular 

characterized by providing the following. A detection means to detect the steenng angle of a steenng 
Srilg means which carry out the **** drive of the ******. The 1st target controlled vanable 
set up based on the detection result of the aforementioned detection means according to a steenng angle. 
The aforementioned setting means is an amendment means to suppress me aforementioned 2nd target 
controlled variable compared with an inside vehicle speed region when it has a setting means to set up 
S^SolW variable to the aforementioned driving means, based on the 2nd target controlled vanable 
set up according to steering angular velocity and the vehicle speed is a low vehicle speed region. 
ciirSeering control unit which controls **** operation of ****** to handle operation 
characterized by providing the following. A detection means to detect the steenng angle of a steenng 
23? Srilgmeans which carry out me **** drive of the ******. The 1st target controlled vanable 
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se , »p based on .he deletion result of the aforenie ^"^^^7^ 
Based on the 2nd target eontrolled variable set up aeco dmg to *?™«""^ ^ aforem entioned setting 
means to set np the eontrolled ^^^SS^SS^tm^^ variable 

speed region. „«,,4wO. **** nneration of ****** to handle operation 

[Claim 9] The steering control umt wnich consols ^ le of a steering 

characterized by providing the following. A ****** The lst target controlled variable 

handle. Driving means which carry out the **** ^™^* on ^ accor L g t0 a steering angle, 
set up based on the detection result of Oe afor ^^^SSS variable when it has a 

aforementioned setting means has a poor road surface state^ operation 
[Claim 10] The steering c ontro I uod ^~tle steering angle o? a steering 
characterized by providing the following. A JJ*^°JS The 1st target controlled variable 

handle. Driving means which carry out the V^^^^ mea ^ s accor ding to a steering angle. 

aforementioned setting means detects generating of flutter vibration. 



[Translation done.] 
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* NOTICES * 

T aM n Patent Office is not responsible for any 
Sal caused by the use of this translation. 

j.This document has been translated by computer. So the translation may not reflect the orig^ 

^Stfiows the word which can not be translated. 
3 Jn the drawings, any words are not translated. 



DETAILED DESCRIPTION 




[Detailed Description of the Invention] 

vehicles which controls **** operation of ****** to handle operation. 

[0002] „ ■ CBOpHn f fl Qteerine handle is the situation to which swinging 

Description of the Prior Art] The steering speed of a st ^ m le of the steering 

of the vehicles is carried out [ operator ] ^^^7^ responsibility of vehicles is 
control unit according to such a demand is indicated ^^^J^ ste P er ing angular velocity of 

raised by giving the controlled variable ^^S^ISS^ this steering control unit, 
a steering handle to an actuator, and controlling oi y 

[0003] . 1T f . --.miar velocity increases when such the so-called 

Problem(s) to be Solved by the Invention] If s eenng W^™^^ according t0 differential 
differential steer control is adopted ^f^J^l accSg totos controlled variable that 
steer control will also increase, and an actuator w 1 dnve acco^mgto ^ fa 

increased. Therefore, when operation m which a st ^>lkd variable according to 
vibration finely was performed, in response to he g^Jf more , compar ed with the time of 

and generating of flutter vibration etc. rmMm should be solved, and the purpose is that an 

rXes te steering sense of ineongmity whieh ean be g.ven to an operator. 

[0005] , ... O o«e w thp ferine control unit for vehicles concerning 

Means for Solving the Problem A detection ^S^J^^Kw. to handle operation, and 
a claim 1 to be a steering control unit which controls yadMe which sets up ****** 

to detect the steering angle of a ^^^^^^^^ means which carry out a **** 
according to a steering angle based ^^^Stod v^riabk set up according to steering 
drive, and a detection means. Based on ^^Jf^Sv^ to driving means, and a setting 

^e^ 

according to the change state S e ^S sed by the amendment means as a steering state 

[0006] Since the 2nd target controlled » "W™^^ cut operation is frequently 

even if it is the case where steering angular ^^"Sase in the controlled variable 
performed for example, by minute ^^^^S^Stei force accompanying 

. . 7/3/2003 
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T00091 In addition since "it is" the same judgment conditions as substantially as the case wnere uie 

SStSS^^tXSSS revises falls from a predetermined threshold", these 

{fit toSg"u»t.tvtwcles of a data 1, the steering control unit for vehicles 
concitafa damShe 2nd target eontrolled variable as zero, when, as for an amendment means, 

SKy b«et 1 zero, and when steering angular velocity increases by thts processmg, different,* 
S^VSclSStovehic.es of adaim 1, me amendment means has specified the rate 

Sgdru^abl^hSd target controlled variable se. np by the setting means exceeds 
romTrthe d S teering control unit for vehicles of a claim 4, the steering control unit for vehicles 

Sn«rntata *. 2nd target controlled variable when, as for an amendment meats, 

deerine anaular acceleration becomes beyond a predetermined value. 
K^A^Xbmdte may be moved during a vehicles run by the mfluence of road surface 
0017 * ™ variability region of a steering angle of the steering input sudden for an 

oZSsulg torn fte such a vehicles run is generally small, steering angdar 

Zfnfmemf teSes »d mere is a possibility that the steering sense of incongruity given to an 

SSS^^^SSS^W*. amendment means according to steering angular velocity 
* £L 3 Tart for unnLLry operation of the driving means resuUmg from the 2nd 

Krr"lVS control unit for vehicles concerning a claim 7 to be a steering 
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, **** nation of ****** to handle operation, and to detect the steering 
control unit which controls **** operation ot mam y ^ ^ accofdin t0 a 

angle of a steering handle, The 1st target "^Jj^^S Sry out a **** drive, and a 
steering angle based on the detection ^^^^^S to steering angular 
detection means, Based on the 2nd tar ge * «^2^to Jdriv^ means, and a setting means 
velocity, it has a setting means to set up target controlled variable, 

equips with and constitutes an «^^P m ^^S^^ eA is * low vehicle speed region, 
compared with an inside vehicle speed region when the ^*£™£ to the steerin P g state is made 
[0019] When control processing to which of the vehicles in a low vehicle 

o inc ease is adopted to raise the swinging ^^^3^ reaction force which 
speed region, especially under this influence J^^JJJgJ handle side from driving means 
originates in operation of driving means and is mnrttod _to ^steermg ^ ^ 

increases, and a steering handle m Zr with differential steer 

inclination is promoted by setting up the 2nd ^^^SZwiuubifity done so by the 2nd 
control. On the other hand, especially the ^^^^^SSS^ region. Then, make the 2nd 
target controlled vanable is amendment means in a low 

target controlled vanable set up ; according £ ha J le promot es the phenomenon 

angle of a steering ^^^S^nng means which carry out a **** drive and a 
steering angle based on the detection result < oi me 5 acc0 rding to steering angular 

detection means, Based on the 2nd targe controlled ^^ a °^f ^ J ms . a setting me ans While 
velocity, it has a setting means to set up the cortriM ^VmSvSe speed region sets up 
the maximum which the 2nd target ^ Dc J™^^"^ value compared with an inside 

™h^^ 
wtt^m^^ 

[0021] By having such ^^^^^^1^ -re promptly, and suppress 
controlled vanable set up according to -steering ^ ^ pressmg the reaction force 
the phenomenon ^^^^^^Z done'so by the 2nd target controlled 
transmitted to a steenng handle side from orivrng me > vehicle-speed region. 

vanable in an inside SmESSE concerning a cfaim 9 to be a steering 

[0022] A detection mean ^ steering « o^ol unit ^ tQ ^ ^ steenng 

control unit which consols *** ^P^ 0 ^ 0 ^ v " able whic P h sets up ****** according to a 
angle of a steenng handle, The 1st target conffoneo .v*u> ^ ^ ^ ft 

string angle based ^-^S^S «o steering angular 
detection means, Based on the 2nd tar g el con ^" , varia hl e to driving means, and a setting means 

acts on a steering handle as distntbanee, and ^ detected » £»g J* with 
angular velocity. With a senmg means, s nee the 2nd target to „_ surface state 
the case where only the 1st target controlled vanable is set up, the nmu^ y ^ 

7/3/2003 
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means currently transmitted to the steering handle side is reduced. 

[embodiments of the Invention] Hereafter, with reference to an accompanying drawing, it explains 

JSSmCw formulas, (3) formulas can show operation angle thetam of an actuator 31 from (1) 

formula and (2) formulas. 

[0032] 

thetap=thetah+thetam -- (1) 
thetap=G-thetah -- (2) 

T^^tl^^control between the input-shaft 20-output shafts 40 can be performed by 
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position of the rack shaft 51, and further, since the stroke position of the rack shaft 51 corresponds o 
S2?« of "****** FW it can detect output angle thetap from (1) formula by detecting steering ; angle 
thetah and operation angle thetam, and can detect ****** of ****** FW based on this detected output 

^3] Drive control of the transfer-ratio adjustable mechanism 30 is carried out by the steering control 
Z 70 Each detecting signal of the vehicle speed sensor 60 which detects the speed of 
the steering angle sensor 21 and the operation angle sensor 32 is given to the steering control unit 70, 
and the steering control unit 70 repeats the processing which outputs the control signal Is set up 
according to afransfer ratio G and steering angle thetah to an actuator 31, and is carrying out drive 
control of the transfer-ratio adjustable mechanism 30 while it sets up a transfer ratio G based on these 

[0034] Here, the control processing carried out with the steering control unit 70 is explained along with 

m03 fl 5°l ThiTflowSs&rts by ON operation of an ignition switch. First, it progresses to Step (a step is 
hereafter described as «S'\) 102, and the vehicle speed V detected by steering angle thetah detected by 
^^S^Li 21, operation angle thetam of the actuator 31 detected by the operation angle 
sensor 32, and the vehicle speed sensor 60 is read, respectively 

[0036] In S104 continuing, the transfer ratio G corresponding [ map-reference- to the vehicle speed V is 
set up based on the vehicle speed V read by S102 from the map in which the relation of the vehicle 
speed V and the transfer ratio G which are shown in drawjngjl is shown. 

[0037] In S200 continuing, setting processing of the differential angle theta for setting up the controlled 
variable for a differential steer is performed. In addition, the differential angle theta is the increment of 
the target operation angle of the actuator 31 corresponding to steering angular velocity, and is later 
explained about concrete setting processing. „„ + u« 
0038] In S106 continuing, target operation angle thetamm of an actuator 31 is ^ up from folbw^g the 
(4) formula based on the differential angle theta set up by steering angle thetah read by S102, and the 
transfer ratios G and S200 set up by S104. 
[0039] 

£S5ffi "JfESSSHM) -«h«a, and this M .em, o ? e right-hand side is the 

fa target controlled variable, and the 2nd term of the right-hand side serves as the 2nd target controlled 

variable from (4) formulas. u c . A ^ A 

[0040] In S108 continuing, the angle deflection e of target operation angle thetamm set up by S106 and 
operation angle thetam read by S102 is set up as e^hetamm-thetam. 

[00411 In SI 10 continuing, without overshooting, the control signal Is which controls an actuator 31 is 
determined so that deflection e may be set to 0. As an example of this processing, a contro signal Is can 
be determined by setting up the parameter of PID control appropriately based on the operation 
expression of Is=C(s) and e. In addition, (s) in a formula is the Laplacian operator 
[0042] In SI 12 continuing, the control signal Is determined by SI 10 is outputted to an actuator 31, and 
an actuator 3 1 is driven according to a control signal Is. e < n c 1 1 <: 

[0043] Then, processing after S102 mentioned above is repeatedly performed until it progresses to SI 16 
and it judges whether OFF operation of the ignition switch (IG) was earned out and returns SI 02 in 
"No" and is judged as "Yes" by SI 16, after memorizing last time steenng angle thetah read by S102 as 
steering angle thetahold in SI 14. „u n ~t*e 
[0044] Next, setting processing of the differential angle theta is explained along with the flow chart of 

mo45?By S202, steering angular-velocity dthetah/dt is first calculated based on deflection with steering 
Lie thetahold, and the detection-time interval of steering angle thetah last time which was memonzed 
by SI 14 in the routine of steering angle thetah read by S102, and last time In addition, you may carry 
out direct detection of steering angular-velocity dthetah/dt by the sensor which detects steenng angular 
velocity. 
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alpha=dthetah/dt. . . ta the ste ering frequency fin this time is set up based 

reduced. . . the steerine frequency fcan make gain Ts constant value 

rnruQl Moreover as shown in drawing / , me steering 11c4ut.nv.jr 1 0 

__S=teE3£333S£: 

^Tto N rf^Sl is *ow„ in iawinglO corresponding .0 the map of tamg6 . 



respectively. . ^ 

10053] First, it » S^ffit^S ItnSof *■ -* 

S^St SSI W based on "whether the ~*Mr f 

EhKhprog^ 
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set up by the last routine is set up - „ s218 , a„d to routine is ended after 

r00581 And after passing through S212 or S2 16, it progresses iu 10, 

Inemorizing as thetaold tine diffenmtial * ^ steeling hand le 10 is 

without a limit in S208, as shown f£^£2P*£~1*» *<= P^etermined value 
Iff 6 ,0 TtaS S SEta " SKSi rfi ^temtined value beta small, so ma, 

Ts similarly based on the map shown in drawing 13 . 

StoX^tetSJS which Gain Ts serves as a value small enough, and is set ^specially 
differential angle tneia lo neiehbor hood. For this reason, an operation which promotes the 

m S5E^S2£™ ^ W * «»* value, me maximum which the differenti al value 

!l ,n th Z XrreedAetdue of the differential value alpha is restricted to the maximum 

aSt STrf the differential value alpha will be gradually restncted to the range shown 
with a two-dot chain line from an alternate long and short dash line. 

[00661 The 4th operation gestalt is explamed. acts on ****** FW 

[0067] When a road surface state is poor, the external force (external input) which acts on 
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from a road surface acts on the steering handle 10 as disturbance, and is detected as , Aange of steering 
arTe thetah and steering angular-velocity dthetah/dt. In differential steer control, since the differential 

target operation angle thetamm is set up only based on stee ™S ^gle ^ 

^rface state becomes larger, an actuator 31 drives unnecessarily, and there is a possibility ot enlarging 

SS^SS^^iii^ty § iven to 3X1 °P erator by the reaction force u by °? er f on X i« 

3 1S5 etc. Then, in consideration of this point, the processing shown in d«M is 
addedTn the flow chalt of drawing! explained previously. That is, when road surface state judging 
™£a£Td^ by S300is^arried out, consequently a road surface state is judged to be good after 
££S ^ S, it shifts to setting processing of the differential angle 
anTwaf mentioned above. And when a road surface state is J^ 0 ^ 
S302 and it is set as the differential angle theta= 0, and progresses to processing of S106 «^™8; 
raSlTta» since it is set as the differential angle theta= 0 while aroad surface state is judged to be 
poor in S300 differential steer control will be forbidden substantially. Unnecessary operation of an 
St 2 M I accompanying the differential angle theta being set up can be made to suppress under the 

theta =, 0 was illus T d 

whe a "oad sSe stomas judged to be poor, it does not limit to this example, and you may set up 
toTatoof rdTfferential angle meta smaller, so that the poor grade of a road surface state is large 
m070 1 Moreo\e7 do limit especially the judgment technique of aroad surface state, and each (a)4 
flowe is detected. When the dispersion grade of each 

SSL angle thetam of an actuator 31 changes in vibration at the time of**** o (b steering 
SlOW When the acceleration of the vertical direction where the change width of face > of a car 
St or the change speed of a car height acts on the (d) vehicles in an adu t case judges that a road 
i7p"or inan adult case etc. and does not correspond to it, it is judged that a road surface 

state is good. 

r00711 The 5th operation gestalt is explained. ***••* ww fi«m a mad 

0072 As the 4th feneration gestalt explained, the external force which acts on ****** FW from a road 
Se^r me influence of road surface irregularity etc. may act on the steering handle 10. Generally 
Z sZTXZ "udden for an operator who becomes such disturbance of the variability region of 
the steering I ^awaen y angular-acceleration d2thetah/dt2 has the property which 

slows I dthetah/dt is large). By differential .tee, control 

as mentioned above, since the differential angle theta according to steering angular-velocity dthetoh/dt is 
retTXared wi h the case where target operation angle thetamm is set up only based on steering 
andfthSTe influence by this disturbance will become large, and an actuator 31 will drive 
u^ceSy Th^i, in consideration of this point, processing shown in dra^ingJ9 is performed as 
S200 in the flow chart of drawing! explained previously examD l e 
rrvmi Tn Hmwins 1 9 steering angular-velocity dthetah/dt is first calculated by S232. For example, 
^^SSS^SLA is computed based on deflection with steering i ^ ^tahold, and 
EZSSSto internal of steering angle thetah last time which was memorized by SI 14 in the 

m07 m 5Hn Sl S conSSeering angular-acceleration d2thetah/dt2 which shows the change state of 
teerin Tan^lar-velocity dthetah/dt is calculated. It is steering angular acceleration based on the 
teSol ^o? teeringlgular-velocity dthetah/dt for which it asked by S232 in this routine m this case, 
St^SvdScily dthetah/dt for which it asked by S232 in the last routine, and a time 
interval in the meantime. d2thetah/dt2 is calculated. A n*u^/Ato 
ra0761 foS238 continuing, gain factor gamma according to steenng angular-acceleration d2thetah/dt2 
Hated S236 is set up based on the map shown in drawing!! . When the map of jMll 
^^S^P^^ value * th that Steering an ^ ar - acceleratlon d2t hetah/dt2 specified 
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beforehand, i.has specified MM. 2e%"SX.d 

0078] Therefore, since gain faotor gamma ts set as asmate ^ ^ jnfluences of 
influence of disturbance can be suppressed. 

[0079] The 6th operation gestalt is explained direction occurs> h wiU 

[0080] If flutter vibration the ?^^J 0 ^^[.^^^ dthetah/dt. in differential 
be detected as change of steering angle thetah and steering 2^ B ™^Xity dthetah/dt is set up, 
steer control Since the differential angle ^^^^^^^J^ angle 
compared with the case where drives unnecessarily and 

tehicle speed V is set up based on the map *°™ "ff^^sp^teTthat the vie of the gain 

suppress under the situation of being easy to generate flutter ytbraUon. 
[TOoreover^e^ 

'ofTst^^ 

oscillation frequency of the steering torque detected by the torque^ ^ ^ ch 

with the same processing substantially, explanation is omitted. 
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reduced. 



[Translation done.] 
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* NOTICES * 

japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been ^slated by computer. So the transit 

2^*** shows the word which can not be translated. 
3 .1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



j____?££& — me composition of the power sieering system concerning 
e ^mgt U K? flow char, which shows the processing performed with the steering centre! nni. 
ESSfS Sthfelt'ecified the re.ation baween the vehicle speed V and a transfer ratio 

SJSfS.'t " ££. the reiation hetween the reversa, period tau of the steering 

K She U whieh specified .he relation between the number of times N of reversa! of.be 
JSSSSS me'flow cW which shows setting processing of me differentia! angle me.a 
S£ « -chtcified .he relation of me defleetion dehameta and me 
P nS^uS^Scified me re.afi„n of deflection deltameta and Gain Is in tamg 
^awtagMl It is the flow chart which shows setting processing of the differentia, angle theta 
^iSfltme^wXecified .he re.ation of me vehie.e speed V and Gain Ts in ttodpg 
^mM It is the map which specified me relation between me vehicle speed V and me maximnm 
of me differential value alpha. angular-velocity dthetah/dt and me 

*e relation between .he vehicle speed V and Gain Ts. 
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^OrnmM K « the map which specified the relation between steering angnlar-acceleration 
gSJKS 25 w&fieo fine relation of ihe vehicie speed V and Gain Ts concerning 

SSSS't is^map which specified .he reiation of tire oscillation fluency of steering angle 
thetah and Gain Ts concerning the 6th operation form. 

[Description of Notations] 32 / -- An operation angle sensor, 60 / 

10 A transfer-ratio adjustable mechanism, 31/-- An acruaior,^/ ^ f 
- Vehicle s^eed sensor ] ~ A steering handle, 21 - A steenng angle sensor, 30 
70 - Steering control unit 

[Translation done.] 
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* NOTICES * 



japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 .This document has been 

precisely. , 

2 **** shows the word which can not be translated. 

3 .In the drawings, any words are not translated. 



translated by computer. So the translation may not reflect the original 
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